INTRODUCTION
Competition theory has concentrated on the general conditions that permit the coexistence of competing species. Lotka (1925) and Volterra (1926) where N1 and N2 are the numbers of the two species, r, and r2 are the intrinsic rates of natural increase, K1 and K2 are the carrying capacities, a12 is the inhibitory effect of one individual of species 2 on the growth of species 1, and ac2 is the corresponding effect of species 1 upon species 2. At equilibrium (dNI/dt = dN2/dt = 0) both species can be present only if a12 < K1/K2 and ac2 < K2/K1, that is, if each species inhibits its own growth more than that of the other species. In order for this to occur a refuge of some kind is usually required for at least one of the two competing species. Conventionally the refuge is regarded as a difference in ecological requirements between the two competing species. However, in an environment where the resource is present in patches, other types of refuge are available. Two types of model of competition in a patchy environment have been proposed. In the first (Skellam 1951 
THE MODEL
In a divided environment both species have to search and find the patches before they can be occupied. Species 1 will rarely come into contact with all of species 2 and therefore the decreasing term in the conventional Lotka-Volterra equation for the effect of species 2 on species 1 will no longer be -a12 . N2, but a new quantity, -012. 12. N2, where 012 is the proportion of species 2 that species 1 actually encounters. In the equation describing the growth of species 2 an equivalent term, -021. a2 . N1 will appear. Since 0 is a parameter reflecting the degree of contact between the population elements it will increase with population density.
The Lotka-Volterra equations have never explicitly been derived as representing competition for a single undivided resource. The present model, considering the additional overlap parameter, can therefore be seen as either an addition to, or a dissection of, the Lotka-Volterra model. In the conventional laboratory system, where two species are forced to compete in a limited space (e.g. FIELD DATA Flies of the genus Drosophila use larval resources that occur in discrete patches. Table 2 shows the value of 0 calculated from field data (adult emergences) for a guild of woodland Drosophila breeding in fungi at various locations around Leeds (B. Shorrocks & P. Charlesworth, unpublished), and for a guild of 'domestic' Drosophila breeding in fruit and vegetables at a wholesale market in Leeds (Atkinson & Shorrocks 1977) . Strictly speaking these overlap measures should be calculated from eggs laid rather than emerging adults. However, in these flies presence and absence of adults in breeding sites fairly reflects presence and absence of eggs. The mean value of 0 for each species is reproduced on the coordinates of Fig. 1 . From laboratory experiments involving two competing species of Drosophila (Ayala 1969 (Ayala , 1970 (Ayala , 1972 Miller 1964 ; B. Shorrocks unpublished) an average value of 2 for a seems likely for these flies. As Fig. 1 shows, for Drosophila, the patchy distribution of breeding sites is sufficient to enable stable coexistence to persist for many generations. This may still be so when K1 # K2, since in Fig. 1 Table 2 are determined by two components, the number of flies compared to the number of resource patches, and the degree of aggregation over resource patches. These two components are summarized by the mean and the exponent, k, of the negative binomial distribution. Figure 2 gives the values of 0 that a species will show if a negative binomial is used to describe its distribution over resource patches. With extreme aggregation (low values of the exponent, k) there will inevitably be low values of 0 even without avoidance mechanisms. Alternatively, low population densities, resulting in low mean numbers per resource unit would produce low values of 0. These alternatives are illustrated by the 'fungal' Drosophila in Table 2 Since 0 is dependent upon density, and the outcome of competition is determined partly by 0, the outcome of competition will always be density dependent. If density could be reduced to very low values, competitive exclusion could always be avoided in a patchy environment. However, with very low densities the problem of finding mates and the probability of local extinctions due to density independent mortality will increase. Thus competitive exclusion aided by other causes of mortality, may still occur.
MORE THAN TWO SPECIES
Drosophila do not occur in the wild in pairs of species, but in guilds of several species exploiting similar larval food resources (Fig. 3) (Shorrocks 1977) . The coexistence of n species, between which competition is defined by the Lotka-Volterra equations, has been analysed by Strobeck (1973) . When the additional parameter 0 is added to the system the equations for n species competition are given by the set of differential equations B. SHORROCKS et a.
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In such a system it is possible to define a community matrix (Levins 1968 When 0 is less than 1.0 the conditions for a stable equilibrium are again more easily satisfied, although the situation is now more complex than in the simple two species system. If every species pair can coexist on its own then coexistence in the n species system is determined simply by the community matrix and the Ki. If all pairs are not stable, then the r, of the unstable pairs are important in determining the stability of the whole system.
In order to illustrate some of the properties of an n species system we will examine the simplest system of this kind, a three species system with all the Ojj. a, equal. This last condition not only simplifies the conditions for equilibrium, but may have biological reality, since negative feedback between 0 and a might be expected. Pairs of species with high mutual a may well avoid one another and so reduce 0, while species with high For Oa > 1, al .a2-a3 < 0 and the equilibrium is unstable. When Oa < 1, al.a2 -a3 > 0 and stability is possible depending on the Oa and the K. The conditions for stability are illustrated graphically in Fig. 4 , in which Oa is plotted against the ratio of any two K divided by the other. The zone of stable coexistence is shaded in the figure. When all the Ki are equal all the K ratios will equal 2.0. When the Ki are unequal the largest of the K ratios will be greater than 2.0. From Fig. 4 the three species system remains stable over a larger range of Ki when Oa is small.
With an average value of 0 = 0.3 (Table 2 ) and a value of a = 2.0 taken from the Drosophila literature the resulting three species system would be stable over a narrow range of Ki. Starting with all Ki equal, one species can increase its K by 67% before the equilibrium is lost. This is true for all systems of competing species from n = 2 upwards. When n is large it is rather insignificant if one species increases K by 67%. If the same proportion of species is considered for each n then the range of K, that will permit an equilibrium gets smaller with increasing numbers of species. Figure 5 shows the percentage increase in K that half the species in an ecological guild could show compared with the remaining species, without destroying the stability. As Oa approaches 1.0 the system is stable only for small numbers of species or if all the K, are rather similar. High values of 0, which might be typical of n species on a divided and ephemeral resource, would allow a greater number of species with more variable values of Ki to coexist. 
